Background: Lifestyles such as unhealthy diets and the lack of physical activity have been contributed to the increased prevalence of obesity. In 2012, the world health organization published the first global recommendation for physical activity and health. People who do not meet at least 150 minutes of moderate-to-vigorous physical activity are considered to be physically inactive. The prevalence of physical inactivity worldwide is 31%, however there is insufficient data from prevalence and trends of physical inactivity in Mexican population. The purposes of this study are to describe the physical inactivity prevalence and recent trends in Mexican adults and to examine the association between physical inactivity with biologic and sociodemographic characteristics.
Background
Lifestyle changes such as decreasing physical activity levels and unhealthy diets have contributed to the rise in obesity and non-communicable diseases [1] . Physical inactivity causes 5.3 million annual deaths worldwide and 6-10% of deaths caused by non-communicable diseases are attributed to physical inactivity [2] . Currently Mexico is facing an epidemic of non-communicable chronic diseases with increasing prevalence of obesity. Physical inactivity is one of the major factors contributing to this epidemic and one of the main risk factors for mortality in Mexico [3] .
In 2010 the World Health Organization published the first global recommendations for physical activity and health [4] . These recommendations indicate that to obtain health benefits, adults need to accumulate, in bouts of at least 10 minutes, a minimum of 150 minutes per week of moderate physical activity or 75 minutes of vigorous physical activity or their respective combination [4] . People who do not meet this recommended volume of moderate-to-vigorous physical activity (MVPA) are considered to be physically inactive. Recent estimates indicate that the worldwide prevalence of physical inactivity in adults is 31% [1, 5] .
The international physical activity questionnaire (IPAQ) can be used to assess adherence to the WHO physical activity recommendations [6] . The short form version of the IPAQ was included within the Mexican National Health and Nutrition Survey (ENSANUT) in 2006 and 2012. The objectives of this article are to describe the current prevalence of physical inactivity in Mexican adults (20-69 year olds), to examine changes in the prevalence of physical inactivity over the past 6 years, and to examine the association between physical inactivity and several sociodemographic and biological characteristics such as gender, age, body mass index (BMI) status, location of residence, and socioeconomic status (SES).
Methods

Design and participants
The ENSANUT used a probabilistic multistage stratified cluster sampling design. The sample size was designed to be representative of the country and regions, and their expansion factors and sampling weights were used in all analyses to render nationally representative estimates [7] . The surveys were conducted between October and May in 2005-2006 and 2011-2012 . In 2006 data from 36,170 households was collected to obtain a sample of approximately 69,000 individuals. In 2012 data from 50,528 households was collected to obtain a sample of 89,000. In 2006, physical activity data were obtained on 17,183 adults who represented 55,165,527 people. In 2012, physical activity data were obtained from 10,729 adults who represented 65,252,418 people. Adults were defined as those between 20-69 years old according to the ENSANUT methodology. Detailed descriptions of the ENSANUT methodology are published elsewhere [8, 9] . All participants provided informed consent prior to participating. The National Public Health Institute Ethics Review Board of Mexico approved the study protocol.
Physical activity assessment using the international physical activity questionnaire To assess physical activity, the Spanish version of the short form IPAQ was applied by trained personnel in face-toface interviews. In 2006, the questionnaire was collected using a paper and pencil-based interview while a computerbased interview was used in 2012. The IPAQ assess the amount of moderate (3-5.9 metabolic equivalents (METs)), and vigorous (≥6 METs) physical activity accumulated in bouts of at least 10 minutes over the previous 7 days. Validity and reliability results from the short form IPAQ have been obtained in several countries, including Mexico [6, 10, 11] .
The IPAQ questionnaire data was cleaned using established IPAQ protocols [12] . Based on responses obtained from the IPAQ, minutes per week of moderate physical activity (including walking) and vigorous physical activity were calculated for each participant. Moderate physical activity values were added to vigorous physical activity values to obtain MVPA minutes per week. Hereafter, we refer to the original MVPA data collected from the IPAQ as the "unadjusted" MVPA data.
Classification into WHO physical activity categories
Total minutes per week spent in MVPA was used to classified participants into three WHO physical activity categories [4] : "physically inactive" if they participated in <150 min/week of moderate intensity, or <75 min/week of vigorous intensity, or an equivalent combination of the two intensities, "sufficiently active" if they had 150-299 min/week of moderate intensity, or 75-149 min/week of vigorous intensity, or an equivalent combination, and "very active" if they participated in ≥300 min/week of moderate intensity, or ≥150 min/week of vigorous intensity, or an equivalent combination, considering bouts of at least 10 minutes. Participants were classified as very active if they accumulated at least twice the minimum WHO recommendation.
To assign participants to the appropriate physical activity category we multiplied their vigorous intensity minutes by two and added it to their minutes of moderate physical activity. We then used the moderate activity cut-points (<150 min/week for the physically inactive category, 150-299 min/week for the sufficiently active category and ≥300 min/week for the very active category) to determine the appropriate physical activity category.
Adjusting the international physical activity questionnaire data
The IPAQ and other self-reported questionnaire measures substantially over-report MVPA levels by comparison to those obtained objectively using accelerometers and other electronic movement sensing devices [13] [14] [15] [16] [17] . Recent physical inactivity surveillance studies have adjusted the over-reported questionnaire data, including those obtained using the IPAQ, so that they more closely reflect the truth [1] . To adjust MVPA for over-reporting, we developed an equation based in a validity study recently conducted by our group [11] . To achieve this, we obtained IPAQ and objectively measured MVPA on a sample of Mexican adults (19-69 years old) using accelerometers. Standardized protocols were used to verify the completeness of the accelerometry data, to clean it, and to determine the weekly volume of moderate (3-5.9 METs) and vigorous (≥6 METs) physical activity completed in bouts of at least 10 minutes [11] Adjusted MVPA minutes per week were then classified using the moderate activity cut-point previously mentioned.
Sociodemographic and biological variables Geographic areas
Differences in MVPA were considered based on whether participants lived in an urban (≥2, 500 residents) or rural (<2,500 residents) area and based on the region of the country they lived in. ENSANUT is representative of four geographic areas of the country including: North (Baja California, Southern Baja California, Coahuila, Durango, Nuevo Leon, Sonora, Sinaloa, Tamaulipas and Zacatecas), Central (Aguascalientes, Colima, Guanajuato, Hidalgo, Jalisco, Mexico (excepting D.F. and metropolitan areas), Michoacan, Nayarit, Querétaro, San Luis Potosi and Tlaxcala), Distrito Federal (D.F. and metropolitan areas), and South (Campeche, Chiapas, Guerrero, Morelos, Oaxaca, Puebla, Quintana Roo, Tabasco, Veracruz and Yucatan).
Socioeconomic status and education (SES)
A SES index was previously constructed and validated by the Center of Survey Research at the Mexican National Institute of Public Health [18] by combining 8 variables that assessed the household properties and available services including: construction materials of the floor, ceiling, and walls; sleeping rooms; water accessibility; vehicle ownership; household goods (refrigerator, washing machine, microwave, stove, boiler); and electrical goods (television, radio, telephone, and computer). The index was divided into tertiles and used as a proxy for low, medium, and high SES. Education level was stratified into three groups according to the highest level of education obtained: primary or less, secondary, and high school or higher [18] .
Anthropometric measurements
Weight and height were measured to the nearest 0.1 kg and 0.1 cm, and the BMI was calculated as kg/m 2 . BMI status was based upon the WHO endorsed adult cutpoints as: underweight (<18. [19] .
Statistical analysis
The sample design characteristics (sample weights, cluster and strata variables) were taken into consideration for all analyses. Means, interquartile ranges, and percentages were used to describe the MVPA levels (minutes/week), physical activity categories, and sociodemographic characteristics of the participants. Physical activity was described within the entire sample and within strata based on the sociodemographic characteristics. Kernel-density plots were used to compare the proportional amount of minutes per week of MVPA by survey (2006 vs. 2012) and a general linear model was used to compare minutes per week of MVPA by biological and sociodemographic characteristics. Bivariate logistic regression models were used to evaluate the association between physical inactivity and biological and sociodemographic variables. This was followed by a single multivariate model that simultaneously included all of the biological and sociodemographic variables.
Results
Descriptive information on the 20-69 year olds adults who completed the IPAQ in ENSANUT 2006 and 2012 are provided in Table 1 Irrespective of the survey year and whether examining the unadjusted or adjusted MVPA data, the mean weekly minutes of MVPA were significantly higher in men than in women, in the South than in the other regions of the country, and in rural areas. MVPA was lowest in the oldest age group, the highest BMI category, the highest SES level, and in the most educated group. For all categories except age groups, mean minutes per week of MVPA was significantly lower in the last categories (P for trend ≤ 0.05). Table 3 presents the prevalence of adults who were physically inactive, sufficiently active, or very active in ENSANUT 2006 and 2012. The prevalence was calculated using both the unadjusted and adjusted physical activity data. Irrespective of whether the unadjusted or adjusted MVPA data were examined, the proportion of the adult population who were inactive significantly increased by approximately 6% between 2006 and 2012. The same significant trend was observed for gender (6% points for men and women), most age groups (5.2% points for 20-29 age group, 4.6% points for 30-39 age group, 8% points for 40-49 age group, and 9.1% points for 60-69 age group) and some BMI categories (6.2% points for overweight and 5.8% points for obese). Additional physical activity prevalence estimates are provided in Additional file 1. Table 4 provides the results for the multivariate logistic regression models that were used to evaluate the association between physical inactivity with the sociodemographic and biological variables. Based on the multivariate model for the adjusted MVPA data, the oldest age group, having obesity, or being in the highest SES level were significantly associated with physical inactivity.
Discussion
The objectives of this study were to describe the prevalence of physical inactivity in Mexican adults, to examine changes in the prevalence of physical inactivity between 2006 and 2012, and to examine the association between physical inactivity with several sociodemographic and biological characteristics. The adjusted physical activity estimate indicates that 19.4% of the adult Mexican population was physically inactive in 2012. This represented an absolute increase of 6.0%, or a relative increase of 44%, since 2006. At the same time, 28.8% of the adult population was sufficiently active in 2012 (e.g., met minimal physical activity recommendations), and 51.8% were considered to be very active. Finally, MVPA levels varied considerably according to gender, age, BMI, region of the country, SES, and education level.
Based on unadjusted IPAQ data from the ENSANUT 2006, Gomez et al. previously reported that 11% of the adult population in Mexico did not meet physical activity recommendations [20] . Outside of Mexico, adherence to physical activity recommendations has been reported for 121 other countries, as recently summarized by Hallal et al. [1] . These authors estimated that the global prevalence of physical inactivity in adults is 31%, with a range of 5% (Bangladesh) to 72% (Malta). For the Mexican population, they reported a physical inactivity prevalence of 37.7%, which is 18.3 points higher than the value we reported in our article (19.4%). Potential reasons for this discrepancy includes the use of different physical activity questionnaires and difference in the physical activity and inactivity were classified. Although the number of minutes of MVPA was significantly different between men and women, the probability of being physically inactive was not significantly lower in women after adjusting for sociodemographic variables. This result is in line with what has been found in other Latin American countries [21] .
We observed that 60-69 year olds were approximately 1.58 times more likely to be physically inactive than 20-29 year olds. This finding is consistent with age differences in MVPA that have been described globally [1, 5] . Conversely, while SES is negatively associated with physical inactivity in developed countries [22] , the opposite pattern has been observed in Mexican adults in our study and previous Mexican research [20, 23] . Thus, Mexican adults within the highest SES group were significantly less likely to engage in recommended levels of MVPA. A potential explanation for the SES gradient observed in Mexico is that people with a lower SES have the most physically demanding jobs, and due to a lack of resources do not have access to motorized transportation.
As noted previously in ENSANUT 2006 [20] and in our study for ENSANUT 2012, obese adults are less active than adults with a BMI in the healthy range. In fact, in our study obese individuals were 1.30 times more likely to be physically inactive. Obesity is an independent risk factor for several chronic diseases such as type 2 diabetes, cardiovascular disease, stroke, and several cancers [19, 24] . Thus, part of the pathway through which physical inactivity influence non-communicable disease risk is by contributing to obesity. However, it is important to note that physical inactivity has an effect on non-communicable chronic disease risk that is independent of its effects on obesity [2] . Regardless of the pathways by which physical inactivity influences health, it is clearly an important risk factor for non-communicable disease within the Mexican population. Recently, Lee et al. [2] estimated that 6% of coronary heart disease cases and 8% of type 2 diabetes cases in the Mexican population are directly attributable to physical inactivity [2] . Additionally, they estimated that life expectancy in Mexican adults would increase by 0.76 years if physical inactivity was eliminated [2] . Taken together, these findings highlight the importance of having policies and programs in place within Mexico to increase the physical activity levels of the population [25] .
The differences between the unadjusted and adjusted MVPA data were quite striking. For instance, the mean MVPA in ENSANUT 2012 was 897 min/week before being adjusted and 310 min/week after being adjusted. We felt that it was important to provide adjusted estimates because several previous studies have reported that self-reported measures of MVPA are greatly overestimated [13, 14] . This was confirmed by our validity study in Mexican population [11] . We believe that the adjusted physical activity estimates are a closer approximation of the true physical activity levels of the population and recommend that the adjusted data be used in future papers and reports that present data on the physical inactivity levels of Mexicans obtained using the IPAQ short. An important limitation of this study is that the physical activity data were self-reported. We attempted to correct for the over-reporting by adjusting the self-reported IPAQ with the developed equation [11] . However, such an adjustment is far from perfect as self-reported and accelerometer measures of MVPA are only modestly correlated [10, 11, [26] [27] [28] . This adjustment has the disadvantage to enclose moderate and vigorous activity into a single measure. Although moderate and vigorous activities are not separable with this measure, it was appropriate for estimating prevalence of physical inactivity at the given cut-points. In addition, the validity study was conducted on a reasonably small (n = 262) sample of employed adults from Mexico City and the generalizability of the findings from that sample to the more diverse ENSANUT sample is unknown.
Another important limitation is the use of the short form IPAQ to estimate physical activity levels. Although it is the most commonly used instrument within largescale surveys, this instrument overestimates physical activity when compared to other questionnaires [29] and underestimates physical activity levels when compared to long form IPAQ [30] . This underestimation could be related to the fact that the short form IPAQ does not measure the different physical activity domains (e.g., recreational physical activity, inside home activities, transportation) [31] .
Conclusions
In conclusion, while the average Mexican adult engaged in approximately 300 minutes per week of MVPA, 19.4% do not meet the minimal recommendation of 150 minutes per week. The prevalence of the population not meeting this recommendation has increased by 6% points over the past 6 years. The groups at higher risk were those older than 60 years old, obese persons, and individuals within the highest socioeconomic tertile. Public health interventions should be focused on increasing physical activity levels, specifically in those disadvantaged groups.
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